Objective: To identify factors associated with recent HIV infection among men who have sex with men (MSM) in Huzhou City, Eastern China, who seek sexual partners via the internet. Methods: Adult members of Tencent QQ instant messaging software, who completed a faceto-face interview questionnaire and serological HIV testing at baseline, were enrolled into this prospective cohort study. Questionnaires and serological testing were also completed at 6 and 12 months. Cox proportional hazards was used for initial bivariate analyses of differences between participants with or without recent HIV infection, and for subsequent forward stepwise multiple regression of statistically significant variables. Results: Out of 415 baseline participants, 283 completed the 12-month follow-up (25 with recent HIV infection and 258 without; recent HIV infection rate, 8.20 per 100 person-years). Recent HIV infection was shown to be significantly associated with high school education (versus college/university), registered residence outside Huzhou City (versus within Huzhou City), having ! two male sexual partners, and syphilis infection. Conclusions: Improving education levels, treating syphilis promptly, and reducing the number of male sexual partners may reduce HIV transmission among MSM in Eastern China.
Introduction
Human immunodeficiency virus (HIV) infection among men who have sex with men (MSM) is a major public health problem in China. [1] [2] [3] Out of groups at risk, the prevalence of HIV in China is growing fastest in MSM, 4, 5 and in 2015, MSM accounted for 28% of all new reported HIV infections in China. 6 Huzhou City in Eastern China has a relatively low prevalence of acquired immune deficiency syndrome (AIDS), 7 but the rate of new HIV diagnoses among MSM increased from 4.1% in 2009 to 41.7% in 2014. 8 There is a high risk of HIV transmission among MSM, which is mainly associated with some MSM having multiple sexual partners and unfixed sexual partners, and engaging in unprotected anal intercourse (i.e. inconsistent condom use). 7, 9 Unlike previously, most MSM are now more inclined to seek sexual partners through the internet than through fixed locations. [10] [11] [12] [13] Several surveys have reported factors, such as multiple sexual partners and inconsistent condom use, as associated with recent HIV infection among MSM; [14] [15] [16] [17] [18] [19] however, the rate of recent HIV infection and associated risk factors among MSM who seek male sexual partners through the internet remains unclear. Thus, the aim of the present prospective cohort study was to evaluate the correlates of recent HIV infection in MSM recruited through the internet in Huzhou City, Eastern China.
Participants and methods

Study population and data collection
This prospective cohort study included MSM aged 20-60 years recruited through convenience sampling in Huzhou City, Zhejiang Province, Eastern China. Males who used Tencent QQ instant messaging software (Shenzhen Tencent Computer System Co., Ltd, Shenzhen, China) were invited to participate via 18 MSMoriented Tencent QQ 'making friends' groups. 7, 16, 17 Individuals who agreed to enrol in this study, and who subsequently completed a baseline questionnaire and who were found to be negative for HIV antibodies following baseline serological testing, were enrolled. Participants then completed two further questionnaires and underwent serological HIV tests at 6-and 12-month follow-up appointments.
Study participants were assured of privacy for the follow-up interviews and strict anonymity in order to decrease reporting bias. Questionnaires were completed by individual face-to-face interviews, conducted within a 30 min radius of Huzhou City, that were performed by four well-trained interviewers (ZY, JL, ZD, MJ) between October 2014 and January 2016. Serological tests were performed by obtaining 5 ml blood samples from participants at voluntary counselling and testing clinics. Blood samples were allowed to stand for clotting, then centrifuged to obtain serum. Serum samples were stored at -80 C prior to testing for HIV by enzymelinked immunosorbent assay (ELISA) (HIV ELISA kit; Beijing Wantai, Beijing, China) and samples that were positive using the ELISA screening test were confirmed using a more specific Western blot immunoassay (HIV-2 BLOT 1.2 kit; MP Biomedicals Asia Pacific PTE Ltd., Singapore). Both types of test were performed according to the manufacturer's instructions.
All baseline surveys and serological tests were conducted between October 2014 and January 2015, and 12-month follow-up surveys and serological tests were conducted between October 2015 and January 2016. Following the 12-month follow-up, participants were divided into a control group (without HIV infection) and HIV group (HIV infection detected at the 6-or 12-month follow-up serological test) for statistical analyses of factors associated with HIV infection.
The study protocol was approved by the Ethics Review Committees of the Huzhou Center for Disease Control and Prevention and each participant provided written informed consent.
Questionnaire measurements
Self-reported data on marriage status (unmarried, divorced, married, or cohabiting), registered residence (within Huzhou City, outside of Huzhou City), age, duration of residence in Huzhou City ( 2 years or > 2 years), education level, monthly income, sexual orientation (bisexual, uncertain or exclusively homosexual), number of male sexual partners in the last 6 months, and number of anal sex experiences with a man in the last month, were obtained. All participants were asked whether they had sex with steady male partners; whether they had received HIV prevention services (such as HIV publicity materials, condoms, consulting services, and training seminars) in the last year; whether they had previously been tested for HIV; whether they had used condoms every time they engaged in anal sex with a man in the last 6 months; whether they drank alcohol or took drugs (including for sexual enhancement, erectile dysfunction, or premature/delayed ejaculation), or used aphrodisiacs (to increase libido) during sex with a man; and whether they had a current syphilis infection. Knowledge of HIV was evaluated by inquiring about eight HIVrelated issues as previously described; 7 an individual was considered to have comprehensive knowledge of HIV if he responded to ! six questions correctly. 7 The rate of HIV infection was calculated as the number of participants with newly diagnosed HIV infection divided by the total number of person-years at the end of the 12-month follow-up period.
Statistical analyses
Data are presented as mean AE SD or n (%) prevalence for each parameter. Cox proportional hazards was used for initial bivariate analyses of the association between each parameter and participants with or without HIV infection. Variables that exhibited statistically significant differences (considered to be indicated by P <0.1) were included in a forward stepwise multiple Cox proportional hazards regression model to identify variables independently associated with recent HIV infection. All statistical analyses were performed using SPSS software, version 19.0 (SPSS Inc., Chicago, IL, USA) for Windows, and a P value <0.05 was considered to indicate statistical significance.
Results
Background characteristics and initial bivariate analysis
A total of 902 MSM were invited to take part in the study, and nearly half agreed to enrol (response rate, 46%). A total of 415 MSM respondents were finally enrolled following completion of baseline questionnaire and negative baseline HIV test result. Of these, 327 and 283 completed the 6-and 12-month follow-ups, respectively, resulting in a 68.2% (283/415) continuation rate at 12 months. Of the 31.8% of participants who had dropped out by the 12-month follow-up, follow-up losses were due to being absent from Huzhou City, a deactivated contact phone number or QQ number, and refusal to continue participation in the study. Potential reporting biases were investigated by comparing the analysis group who completed the follow-ups, and the group of participants who did not complete follow-ups. Statistical analysis (Cox proportional hazards) of the general characteristics between these two groups revealed no statistically significant differences.
At the 12-month follow-up, 25 cases of recent HIV infection were reported, equating to a rate of 8.20 per 100 person-years (95% CI 5.6 per 100 person-years, 10.9 per 100 person-years). Using 6-and 12-month follow-up data, the control group comprised 258 MSM without HIV infection and the HIV group (with recent HIV infection) comprised 25 cases (Table 1) .
Overall mean age was 29.8 AE 6.1 years in the control group and 30.2 AE 8.3 years in the HIV group, and there was no between-group statistically significant difference in age. Initial bivariate analyses revealed that education level, residence location, number of male sexual partners, consistent use of condoms, use of alcohol and drugs during sex, previous tests for HIV and current syphilis infection were significantly different between the control and HIV groups (Table 1) .
Approximately half (137/283 [48.4%]) of respondents reported that they had used condoms every time they had engaged in anal sex with a man in the last 6 months, and 4.4% (6/137) of participants who had used condoms every time during anal sex with a man in the last 6 months were positive for recent HIV infection compared with 13.0% (19/ Table 1 ). In addition, having a lower education level (P ¼ 0.024), registered residence outside Huzhou City (P ¼ 0.020), ! two sexual partners (P ¼ 0.019) and consuming alcohol and/or drugs during sex (P ¼ 0.072) were significantly associated with increased rates of recent HIV infection (Table 1 ).
Multiple regression model
Stepwise multiple regression analyses using Cox proportional hazards (Table 2) showed that respondents who had completed college/university education were significantly less likely to be diagnosed with recent HIV infection than those who had not (HR 0.399, 95% CI 0.172, 0.926; P < 0.05). Respondents were significantly more likely to be diagnosed with recent HIV infection if their registered residence was outside Huzhou City versus within Huzhou City (HR 2.930, 95% CI 1.196, 7.180; P < 0.05); if they had ! two male sexual partners in the previous 6 months versus < two male sexual partners (HR 2.773, 95% CI 1.150, 6.687; P < 0.05), and if they had a present syphilis infection versus those without syphilis (HR 3.174, 95% CI 1.259, 8.002; P < 0.05).
Discussion
Together with paid blood donors and intravenous drug users, MSM are a focus of AIDS prevention and control in China, due to increased risk of HIV, mainly as a result of many having multiple sexual partners and engaging in unprotected anal intercourse. 8, 20, 21 The rate of recent HIV infection in the present study was 8.20 per 100 person-years (95% CI 5.6 per (continued) years), which is higher than reported for young Chinese MSM (6.7 per 100 personyears) 22 and MSM in Beijing (7.8 per 100 person-years). 23 As there are no MSM bars, bathrooms or clubs in Huzhou City, MSM are most likely to seek dating or sexual encounters with men via online resources. 24 Of the present study cohort, 68.2% completed both the 6-and 12-month followups, equating to a relatively high drop-out rate of 31.8%, which may have affected the study results. Losses to follow-up were Data presented as n(%) prevalence for each variable. HR, hazard ratio; CI, confidence interval; RMB, renminbi. NS, no statistically significant between-group difference (P > 0.1; Cox proportional hazards).
attributed to being absent from Huzhou City, a deactivated contact phone number or QQ number, and refusal to continue participation. Respondents whose registered residences were outside of Huzhou City were found to be significantly more likely to have recent HIV infections, emphasising the importance of AIDS prevention work among migrant workers. The present study showed that respondents who had completed college/university education were significantly less likely to be positive for recent HIV infections than those with lower education levels (HR 0.399, 95% CI 0.172, 0.926), and concurred with the results of other published studies showing that higher education levels were associated with significantly lower rates of recent HIV infection. 25 Therefore, the importance of HIV testing should be emphasised to MSM who have a low level of education. Core knowledge about AIDS has been shown to be associated with lower rates of HIV infection, 8 thus AIDS health education may promote behavioural change among MSM. However, there is a serious HIV/AIDSprevention knowledge gap in MSM who engage in high-risk sexual behaviour, 20, 26 and reducing this knowledge gap is a challenge to HIV/AIDS health education. The results of the present survey indicate that participants who had two or more male sexual partners and those with syphilis were more likely to have recent HIV infections than the corresponding comparator group, and several published studies have shown that syphilis infection, multiple sexual partners, and unprotected anal intercourse are major risk factors for recent HIV infection. 8, [27] [28] [29] The importance of using condoms consistently during sexual activity, and reducing the number of sexual partners, should be stressed during HIV/AIDS intervention work targeting high-risk behaviour.
The present study has several limitations. First, it was dependent on self-reporting of risky behaviour and was thus subject to reporting bias, primarily social desirability bias and recall bias, 7 however, respondents were assured of privacy for the follow-up interviews and strict anonymity to decrease reporting bias. The potential reporting biases would exist between the analysis group who completed the follow-ups, and the group of participants who did not complete followups, and statistical analysis of the general characteristics between these two groups revealed no statistically significant differences. Secondly, estimates of risky sexual behaviour in participants recruited through the internet may result in overestimation of the level of high-risk sexual behaviour among the entire MSM population. 30 Finally, respondents were recruited by convenience sampling from MSM-oriented Tencent QQ 'making friends' groups, which would not represent a completely randomized sample. Therefore, the findings of the present study need to be verified in a larger study population or through further investigations of MSM recruited through the internet, to identify the correlates of recent HIV infection in MSM who seek sexual partners via the internet.
In conclusion, published HIV infection rates among MSM have been estimated using prospective cohort studies or laboratory methods and show that MSM are at high risk of HIV infection. HIV infection rates differ between regions and over time, but the overall situation appears bleak. In MSM recruited in Huzhou, Eastern China, who seek sexual partners through the internet, the rate of recent HIV infection was associated with education level, registered residence, current syphilis infection and number of male sexual partners. Thus, strategies to improve academic qualifications, treat syphilis promptly, and reduce the number of male sexual partners may help to reduce transmission of HIV in this highrisk population. Prevention and control strategies and measures specific to each country are required to enhance awareness of AIDS and reduce transmission of HIV.
